Precise and accurate density determination requires weight measurements in air and water using sufficiently precise analytical balances, knowledge of the densities of air and water, knowledge of thermal expansions, availability of a density standard, and a method to estimate the time to achieve thermal equilibrium with water. Density distributions in pressed explosives are inferred from the densities of elements from a central slice.
Introduction
Engineering with high explosives requires thorough knowledge of their bulk density and internal density distribution. The density of an explosive is a measure of how much potential energy in the form of hot, high-pressure gas is in a given volume. The velocity of a detonation front in an explosive is dependent on density, and internal density variations effect the direction of the detonation wave. In addition, the compression strength of an explosive increases rapidly with density.
Basic Concept
The density of an object is its average mass per unit volume. The object's weight is considered the force of its mass-caused gravitational acceleration. But the measured weight includes the forces from the hydrostatic pressure of the fluid the object is immersed in. The hydrostatic pressure is the weight of a column of fluid of unit area at a particular depth. For an immersed solid unit cube, the difference in pressure between that on top of the cube and that at the bottom is the weight of the fluid for the same volume. The measured weight would be the cube's mass times the gravitational acceleration minus the force of the pressure difference, which is the mass of fluid with the cube's volume times the gravitational acceleration. Since all shapes can be made from unit cubes, the end result is what was succinctly observed by Archimedes thousands of years ago, that a body wholly or partially immersed in a fluid is buoyed up by a force equal in magnitude to the weight of the fluid displaced by the body. Archimedes was observing the effect of hydrostatic pressure of the fluid on the body's weight.
The measured weights of an explosive in air and then in water are
( 1) and (2) water
Wt air is the explosive's weight in air, Wt water is the explosive's weight in water, g is the acceleration from gravity, V x is the explosive's volume, and ρ x , ρ air , and ρ water are the densities of the explosive, air, and water. From Eqs. (1) and (2), an expression is derived for the density of the explosive in from terms of the two measured weights of the explosive and the densities of the air and water.
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Details for Precise and Accurate Density Determination
Precision is achieved by using sufficiently sensitive analytic balances for weighing, and accuracy is achieved by simultaneously measuring the density of a standard to determine and correct systematic errors.
The weights of the explosive are normally measured with electronic analytical balances. The balances are equipped with weighing pans suspended in large water baths. The densities of explosives are in the range of 1 to 2 g/cm 3 , but their densities must be determined to a precision of less than 0.001 g/cm 3 . This requires the balance to provide 5 significant figures. For a 12,000-g explosive, the balance must measure to a precision of 1 g. For a 1.2-g explosive, it must measure to a precision of 0.0001 g.
The density of air is small, ρ air = 0.00091 g/cm 3 at Los Alamos' elevation. Variations around that value caused by atmospheric pressure or room temperature changes are smaller than what we need to be concerned with. To cause an error of 0.0001 g/cm 3 in the explosive density, the density of air would have to differ from this value by 13%; typical atmospheric variations are about 1/2%. 
T is the temperature of the water in °C. This is the Tilton-Taylor formula for the density of water with a conversion factor to g/cm 3 added at the end [L. W. Tilton, J. K. Taylor, J. Res. NBS, 18, 205 (1937) ]. It is still the best formula around. Other factors influence the density of water, such as the amount of dissolved air or minerals or the effect of hydrostatic pressure, but these unquantified effects are determined and corrected from the density standard measurements.
The densities Y of the explosive and standard are adjusted to 20°C by including a correction that is based on their volume thermal expansion coefficients, β.
(
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T is the temperature of the water and the explosive and standard after they have come into thermal equilibrium with the water. The volume thermal expansion coefficient for each of the common explosives, PBX 9501, PBX 9502, TNT, and Comp B, has a range of reported values. Usually a value of 0.000160 is sufficiently accurate for any of them.
The density standard used is silicon. The present value of its density at 20°C is 2.32908 g/cm 3 , and the volume thermal expansion coefficient is 0.0000077. High purity single crystals are inexpensive and readily available in any size from commercial suppliers for the semiconductor industry. When doing a series of density measurements of explosives, a density measurement of a similar mass of silicon is also made. A correction, Z, is determined for the weight measurement in water that yields the correct density for silicon (Eq. 6). Corrections are made on the weight in water because that is where most of the experimental unknowns reside. 
After the correction is determined, it is then used for the explosives that are being measured at the same time with the same equipment.
If several measurements of Wt air and Wt water are made for each density determination, then from their standard deviations, ∆Wt air and ∆Wt water , the standard deviation of the measured density, ∆ρ x , can be determined;
. 
